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Tracheal stenosis may be attributed to several conditions including trauma, infection, tumour
or congenital and collagen vascular diseases. Despite improvement in the design of tracheal
tubes, however, tracheal stenosis following intubation still remains an important cause for tra-
cheal obstruction, which may be life threatening and often misdiagnosed. On the other hand,
studies have exerted the impact of mechanical ventilation as a risk factor for pulmonary em-
bolism. Here, we describe for the first time, an otherwise healthy patient who was mechani-
cally ventilated due to a labor accident and developed acute pulmonary embolism that was
further complicated with post-intubation tracheal stenosis. The patient was treated with an-
ticoagulant therapy and oral corticosteroids and was further referred to a specialist centre for
consideration for non-surgical endoscopic treatment.
ª 2008 Elsevier Ltd. All rights reserved.Introduction
The association between injury and venous thromboem-
bolic events (VTE) that include deep venous thombosis and




8 Elsevier Ltd. All rights reservedThe reported incidence of VTE after trauma varies from 7%
to 58%, with that of symptomatic pulmonary embolism
ranging from 1.3 to 2.0% and an associated mortality
approaching in some centers 50% of cases, depending
upon the demographics of patients, the nature of injuries
and the type of VTE prophylaxis.1e3 In a large retrospective
analysis including 1602 episodes of VTE, duration of ventila-
tion greater than 3 days was recognized as an independent
risk factor for VTE.4
On the other hand, tracheal stenosis is a multi-causal
condition that can be attributed to several factors, such as.
Post-intubation pulmonary embolism and tracheal stenosis 1209traumatic conditions, inflammatory diseases, benign and
malignant lesions, collagen vascular and congenital
diseases. Of these causes the leading cause of tracheal
stenosis still continues to be endotracheal intubation,
despite technological improvements such as the introduc-
tion of high-volume low pressure cuffs and better patient
care. We report here the first case in the literature of
a post-intubation pulmonary embolism followed by a post-
intubation tracheal stenosis in an otherwise healthy, multi-
traumatic young patient who sustained a labor accident and
was mechanically ventilated through an oral tracheal tube.
The patient was treated with anticoagulant therapy and
referred to a specialist centre for consideration of non-
surgical endoscopic treatment with rigid bronchoscopy and
stent placement or laser incision of the membranous-like
stenosis.Figure 1 Chest radiograph: posteroanterior chest radiograph
showing a small unilateral left pleural effusion blunting the
costophrenic angle; evidence that is attributed to the trau-
matic accident of the patient.
Figure 2 Helical computed tomography (CT) of the chest
(mediastinal window): contrast enhanced helical CT of the
chest (mediastinal windowing) shows a central filling defect
in the descending branch of the right pulmonary artery (white
arrow) representing acute pulmonary embolism.Case report
A 23-year-old male was administered in the emergency
department of our hospital due to acute dyspnea and mild
chest pain. Three weeks earlier he had sustained a labor
accident with a truck and had been mechanically ventilated
through an oral tracheal tube for 5 days. Subsequently he
had been transferred as a multi-traumatic patient with
bilateral pneumothorax, hemithorax and rib fractures (data
not shown) to a surgery department of our hospital from
where he was discharged two weeks later with prophylactic
anticoagulant and antibiotic treatment, in generally good
condition. He was a lifetime non-smoker, his previous
medical history was unremarkable and he was not taking
any medication.
On admission he was in extremis and had tachypnea
(respiratory rate 32/min), a respiratory sound reduction in
the upper left and right hemithorax, tachycardia (heart
rate 130 bpm) and hypoxaemia (partial pressure of oxygen
65 mmHg) on arterial blood gas analysis. The rest of physi-
cal examinations and routine laboratory tests, including
white blood cell count and differential, red blood cell
count, erythrocyte sedimentation rate, liver and renal
function, serum C-reactive protein were normal, while
ECG revealed a sinoatrial tachycardia. Chest radiograph
was taken and revealed a small unilateral left pleural effu-
sion blunting the costophrenic angle (Fig. 1). D-dimers
blood test was elevated (1280 ng/ml). Following diagnostic
algorithm a helical computed tomography (CT) scan of the
chest was then performed which demonstrated a central
filling defect in the descending branch of the right pulmo-
nary artery indicative of acute pulmonary embolism
(Fig. 2). Patient was started on low-molecular weight
heparin and acenocoumarol resulting in clinical, laboratory
and radiological improvement 13 days after treatment,
indicated by symptoms withdrawal, reduction of blood
d-dimers concentration (280 ng/ml) and helical CT scan of
the chest. However, on hospital day 14, patient started
complaining on exertional dyspnoea and wheeze. On phys-
ical examination, tachypnea (respiratory rate 30/min) and
use of accessory respiratory muscles were noticed, while
inspiratory stridor was documented on auscultation.
Systemic corticosteroids and inhaled bronchodilators
were administered; however, the patient exhibited poorresponsiveness. Therefore, we performed a new CT scan
of the chest which showed significant narrowing of the
trachea at the level of the thyroid gland (Fig. 3a and b).
Pulmonary functional test was also supportive of a stable
stenosis illustrating significant reduction in peak expiratory
flow affecting both inspiratory and expiratory flowevolume
curves (Fig. 4). Finally our patient underwent flexible bron-
choscopy which revealed a membranous web-like stenosis
of the tracheal mucosal, of 1.5 mm diameter that did not
exceed 1 cm in length (Fig. 5).
The patient continued his prophylactic anticoagulant
therapy (acenocoumarol) and was released with systematic
(methylprednisolone) and inhaled corticosteroids (beclo-
methasone). Three weeks later he presented with a slight
clinical and functional improvement, however, he was still
Figure 3 Helical computed tomography (CT) of the chest (pulmonary window): helical CT of the chest (pulmonary windowing):
sequential CT scans at the level of the lower neck e thoracic inlet, shows significant narrowing of the trachea at the level of the
thyroid gland (a), compared to the scan three weeks earlier (b).
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indicative on stable tracheal stenosis (data not shown).
Therefore, after consultation with the patient, we referred
him to a specialist centre for consideration of non-surgical
endoscopic treatment with rigid bronchoscopy and stent
placement or laser incision of the membranous-like
stenosis.Discussion
To the best of our knowledge this is the first case in the
literature of a post-traumatic pulmonary embolism
followed by a post-intubation tracheal stenosis in an
otherwise healthy, multi-traumatic young patient who
sustained a labor accident and was mechanically ventilated
through an oral tracheal tube.
The association between injury and venous thromboem-
bolic events (VTE) that include deep venous thrombosis and
pulmonary embolism is well established and recognized.1,2
The reported incidence of VTE after trauma varies from 7%Figure 4 Pulmonary function test: the figure shows a characterist
tracheal stenosis affecting both inspiratory and expiratory flowevoto 58%, with that of symptomatic pulmonary embolism rang-
ing from 1.3 to 2.0% and an associatedmortality approaching
in some centers 50% of cases, depending upon the demo-
graphics of patients, the nature of injuries and the type of
VTE prophylaxis.1e3 In a large retrospective analysis of the
American College of Surgeons of 1602 episodes of VTE, au-
thors identified 9 risk factors that were independently asso-
ciated with VTE. Intriguingly, among them, with an odds-
ratio of 10.62, was duration of ventilation greater than 3
days. In the present case, our patient was mechanically ven-
tilated for 5 days; therefore the episode of pulmonary embo-
lism that he experienced can be attributed to the ventilator
days.4 Local inflammation and ischemia caused by endotra-
cheal tube resulting in upregulation of tissue factor and inhi-
bition of physiological fibrinolytic system, including proteins
C and S, have been proposed as major pathogenetic media-
tors.5 In the present case, although contribution of lung pa-
renchyma injuries and rib fractures cannot be excluded, in
most series of patients, they are more related to complica-
tions such as hemothorax, pneumothorax and flail chest
rather than pulmonary embolism.6ic reduction in peak expiratory flow indicating a stable thoracic
lume curves (A) compared to the normal predicted one (B).
Figure 5 Flexible bronchoscopy: the figure shows a membra-
nous web-like stenosis of the tracheal mucosal, of 1.5 mm
diameter that does not exceed 1 cm in length.
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stenosis, including traumatic conditions (i.e. endotracheal
intubation, endotracheal burns, traumatic rupture of the
trachea etc), inflammatory diseases (tuberculosis, sarcoid-
osis, amyloidosis), benign and malignant lesions, collagen
vascular diseases (i.e Wegener’s granulomatosis) and
congenital conditions. Of these causes the leading cause of
tracheal stenosis still continues to be endotracheal intuba-
tion, despite technological improvements such as the in-
troduction of high-volume low pressure cuffs and better
patient care. Although, in our case one could easily specu-
late that tracheal stenosis was caused by traumatic rupture
of the trachea, however, the nature, the length and the
progressive development of stenosis that led to symptoms
almost a month after intubation, rule out this possibility.
Autopsy studies in patients who died while under
mechanical ventilation elucidated the primary cause of
this complication and reported that a cuff pressure greater
than 30 mmHg exceeds a critical point in the mucosal cap-
illary perfusion pressure, causing mucosal ischemia leading
to ulceration, chondritis of the tracheal cartilages and ulti-
mately, development of irreversible fibrotic tissue.7,8 The
endotracheal tube cuff causes circumferential erosion of
the mucosa, which heals with a concentric (web-like) ste-
nosis, like in our case. Based on the length of tracheal ste-
nosis, the depth of the tracheal wall involvement and the
presence or not of tracheomalacia, post-intubation
tracheal stenosis falls into three categories, including
short, ‘‘complex’’ and ‘‘pseudoglottic’’ stenosis.9
The few available prospective studies document an
incidence of post-intubation and/or post-tracheostomy
tracheal stenosis from 10 to 19%. However, symptomatic
stenoses, affecting pulmonary function do not exceed 1% of
the cases.10 Apart from cuff pressure and direct tracheal
trauma during intubation, duration of intubation has also
been proposed as a critical pathogenetic endpoint. How-
ever, data referring to this issue is still controversial, since
there have been several reports of tracheal stenosis after
only few days of intubation, evidence that was further
extended by experimental data. In addition, the incidenceof tracheal stenosis does not seem to be related to
repeated intubations, the route of intubation or the
emergency character of the procedure.10
Typically, post-intubation tracheal stenosis is diagnosed
based on a combination of presenting airway obstruction
signs and symptoms with a recent history of tracheal
intubation. Airway obstruction usually presents as shortness
of breath and either or both inspiratory stridor and
expiratory wheeze. Symptoms do not usually occur until
tracheal stenosis exceeds a critical point of greater than
20e30% of its original size, and it may take as long as 3
months time before most stenoses can be documented by
a physician.7,8 Although, simple spirometry typically shows
a reduction in peak expiratory flow and depending on the
level of stenosis a characteristic flowevolume loop,
however, is difficult to perform due to the severity of respi-
ratory failure or cannot be interpreted reliably due to
underlying lung disease, mostly chronic obstructive pulmo-
nary disease (COPD). Chest radiograph is usually normal; as
a result of the latter and the aforementioned clinical and
functional findings, post-intubation tracheal stenosis is
often misdiagnosed as asthma8 with a great proportion of
these patients to be receiving large doses of systemic
and/or inhaled corticosteroids for months.7,8
The diagnosis may be confirmed with plain radiography,
computed and tracheal linear tomography or endoscopy.
Despite the recent introduction of ‘‘virtual’’ bronchoscopy
using reconstructed digital signals to depict the level of
stenosis, flexible bronchoscopy represents the diagnostic
technique of choice that both provides a definitive
diagnosis and determines the type, location and severity
of stenosis. In addition, it is easy to perform and directs the
clinician to the selection of the appropriate type and
duration of treatment. Regarding the latter, although there
have been few reports of an effective therapeutic approach
of tracheal stenosis with systematic and/or inhaled steroid
regimens,11,12 the hallmark of treatment for symptomatic
lesions is endoscopic and surgical.10 Rigid bronchoscopy
and tracheal dilation possibly by laser or placement of
special stents may be the only treatment required for less
serious lesions.13 In recurrence or in case of more extensive
stenosis, a definitive tracheal reconstructive surgery should
be considered, with a mortality ranging from 1.8 to 5%.14
In summary, we conclude that endotracheal intubation
may cause local inflammation and ischemia resulting in
activation of platelet microaggregates,15 inhibition of fibri-
nolysis and ultimately development of fibrotic scar tissue
leading to complications such as pulmonary embolism and
tracheal stenosis. Post-intubation tracheal stenosis is an
iatrogenic complication that should be considered in the
differential diagnosis of any patient who has a recent
history of intubation and who presents with exertional
dyspnoea and wheeze, unresponsive to bronchodilators.
Should it occur, timely diagnosis and effective management
are crucial. In life-threatening situations, such patients
require immediate transfer to specialist centres for defini-
tive tracheal reconstructive surgery.Conflict of interest statement
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